Bats are a good animal model of monitoring habitat pollution by heavy metal concentration assessment. A total of 50 Egyptian fruit bat were sampled from five governorates: Beni Suef, Damietta, Fayoum, Giza and Menofia.
. Moreover, bats occupy a wide habitat range which makes it a good bioindicator. (Jones et al., 2009 ).
The Egyptian fruit bat (Rousettus aegyptiacus) is a small mammal belongs to order (Chriopetra) the second-largest mammalian order (1,250 species) (Lučan et al., 2014) . It is a fruit eater and has an important ecological role as a pollinator (Herzig-Straschil & Robinson 1978; Monadjem et al. 2010; Kunz et al. 2011) , characterized by their ability to perform true flight (Payne et al., 1985) . Egyptian fruit bat has a great wide range in the Palearctic zone, including the Middle East (Benda et al., 2012) . In Egypt, the Egyptian fruit bat is widely distributed across Nile Delta and Valley, the fruit availability is the main determinant factor to its presence in a specific habitat. Collectively, all previous factors make it as the best bioindicator to study the pollution among different habitat in Egypt.
Naturally, heavy metals exist from natural resources in the soil, water and organisms, however, anthropogenic activities and related pollution increase these metals (Li et al. 2014) . Beyersmann and Hartwig (2008) identified that arsenic (As), cadmium (Cd), cobalt (Co), chromium (Cr), copper (Cu), mercury (Hg), manganese (Mn), nickel (Ni), lead (Pb), tin (Sn) and thallium(TI) as the most eleven elements with high risk to wildlife.
It has been proven that continuous exposure to heavy metals one of the major factors in current bat populations decline (Mickleburgh et al. 2002) .
Unconventional sampling methods of heavy metal risk assessment, like a sampling of fur, feathers, hair, and claw are required especially for threatened or protected species. (Dauwe et al., 2000; D'Have et al., 2006) . The regular methods like blood sampling or even killing for taking tissues are more damaging and in the long run affect the population's fitness (D'Have et al., 2006) . Fur sampling is one of the best examples of non-traditional methods as it is easy to collect and its storage doesn't require subsequent procedures (Appenzeller and Tsatsakis, 2012) . Reliable information can result from fur analysis as heavy metal can be excreted from blood to fur during the living organism's growth (Kales and Christiani, 2005, Beernaert et al., 2007) . Previous research has proven that fur or hair analysis can demonstrate metal bioavailability in the environment (McLean et al., 2009; Nolet et al., 1994; Pereira et al., 2004; Marcheselli et al., 2010) . Also, hair has been known as a biomarker in human studies (Kales and Christiani, 2005) and mammalian wildlife as well (McLean et al., 2009; Pereira et al., 2006; Beernaert et al., 2007) . In wild mammals, positive correlations have been examined between concentrations of metals in hair and blood (Vermeulen et al., 2009 ) and concentrations in kidneys, liver, and muscle (Beernaert et al., 2007; Pereira et al., 2006; D'Have et al., 2006; Marcheselli et al., 2010) . It has been proven (Hernout et al, 2016 ) that fur analysis of bat can give credible data of non-essential metals in the environment.
In the present work, the level of heavy metals concentration in the fur of Egyptian fruit bat from five different Governorates was assessed. The main objective was to compare the residue of the measured metal in relation to its environment.
Material and methods:
Bat samples were done from January to May 2018. A total of 50 Egyptian fruit bat individuals, comprising 10 from each site, were collected from five Governorates across the Nile Delta region, which are Beni Suef, Damietta, Menofia, Fayoum and Giza (Fig. 1 ). All bat colonies were lived in old abandoned houses mainly in rural areas near to humans. Bats capturing were done by mist-netting. Bats were not killed for the purposes of this study. Fur sample was collected from the belly and back, as close to the skin without cutting the bat.
Samples were stored in envelops and kept frozen (− 18°C) till analysis. Fur was analyzed for the following heavy metals concentration: manganese (Mn), zinc (Zn), cadmium (Cd), chromium (Cr), Ferrum (Fe), nickel (Ni), lead (Pb) using Inductively Coupled Plasma Emission Spectrometer (ICPS) -7510. The fur analysis was done described in detail in our previous work (Sheta et al, 2019) .
Differences in heavy metals concentration in the fur of
Egyptian fruit bat among the study sites were conducted by one-way analysis of variance (ANOVA).
All tests were evaluated for significance at p<0.05.
When ANOVA was significant, a post-hoc test using a t-test was applied to compare data of each 2 governorates. The difference was considered significant when p<0.05. Statistical calculations were done using Microsoft excel in 2010. The mean heavy metal concentrations were showed as mean ± standard error of the mean (SEM) in ppm.
Correlation between different fur metal concentrations and animal body weight values was assessed using the Spearman rank correlation coefficient.
Fig. 1. Map of study sites across 5 governorates

Results and Discussion:
One of the main important criteria that makes bat as a very good bioindicator is that bats coexist with humans habitats like industrial, rural and urban which increase the threat of heavy metal contamination by different human activity (Gaisler et al. 1998; Bartonička and Zukal, 2003) . Thus, bats were studied to assess heavy metal concentration in fur, which should be correlative to their inhabiting environment. The mean concentration of the seven heavy metals elements Mn, Zn, Cd, Cr, Fe, Ni and Pb across the study sites shown in (Fig 2) . The most abundant element in all study sites was Fe. In fact, we measured iron concentration to prove the fur as a biomarker for metal contamination, but not because iron is a toxic heavy metal. The theory is that these bats were collected from old houses that have many exposed roasted iron bars, and bats were in continuous contact with these bars. The highest iron concentration was recorded in Beni Suef (14.762±2.819), which is in agreement with the results of other metals, too. This may indicate more contact with iron-contaminated places than in the other governorates. The other elements showed much lower concentration values. The result of level concentration heavy metals detected in all five study sites show the same order: Fe > Zn >Mn > Cr > Cd > Pb > Ni. One-way Analysis of Variance (ANOVA) showed that there are significant differences of all heavy metals concentration in Egyptian fruit bat between different study sites (p = 0.0004, 0.0002, 0.04, 0.02, 0.003, 0.03, and 0.02 for Mn, Zn, Cd, Cr, Fe, Ni, and Pb, respectively). Post-hoc analysis using the t-test showed that Mn concentration in Beni Suef bats was significantly higher than that in all other governorates (p <0.05). The same result was found for Zn concentration since Beni Suef bat showed significantly higher Zn than that in other governorates. However, the values in Damietta were significantly higher than those in Menofia and Fayoum samples. Beni Suef recorded the highest value of Cd concentration, which was significantly higher than in other governorates, while the value of Fayoum bats was significantly lower than the others. Also, Beni Suef showed higher values of Cr concentration than the other governorates. However, these values were only significant when compared to the values of Fayoum and Giza. The results of Fe showed that samples from Beni Suef were the most contaminated, while Fayoum Fe values were significantly lower than the values of other governorates. Ni showed its highest concentrations in Beni Suef and Damietta. However, its values were only significantly higher when compared with Fayoum and Giza values. Lead has been detected in higher concentrations in both Damietta and Beni Suef. Pb values in bat fur from Fayoum and Giza were significantly lower than that from Damietta and Beni Suef. The obtained results of this study showed that fur samples of bats reflected heavy metal variations among different governorates, which means the suitability of using it for environmental pollution monitoring. This is in accordance with previous studies on heavy metals monitoring in bat's fur (Hernout et al., 2016 , Åkerblom & de Jong, 2017 . Among the seven heavy metals, Fe recorded the highest concentration values. This may be explained by that animals might consume or exposed to iron (Fe) whether by feeding on contaminated food or inhabit polluted habitat (Ma, 1996) . The variation of heavy metals among different governorates reflects different human activities and how this affects wildlife. Beni Suef recorded the highest polluted governorates followed by Damietta. Attention should be paid mainly for these two governorates and the nature of pollution control. Also, more research should be done to assess the exposure risk of these metals on the bat population, wildlife, and human as well. Increasing body weight did not correlate to more fur heavy metal content. Correlations between fur metal concentrations and body weight are shown in figure 3 . The most obvious correlation was found between body weight and Zn (R 2 = 0.4) followed by Pb (R 2 = 0.3). However, R 2 values indicated a weak correlation between both variants. As well, the study showed (Table 1 ) no statistically differences in fur content of heavy metals between males and females, except for Pb (p=0.03). We thought to determine such variation of metal concentrations in both males and females since it was reported that females forage non-significantly more than males do (Barclay & Jacobs, 2011) . However, there was no significant difference between the sexes in this study.
In conclusion, fur samples of the Egyptian fruit bat can act as a good bioindicator for environmental pollution in Egypt. The results showed that there is a significant difference in studied heavy metal concentrations among the studied governorates. Beni Suef and Damietta governorates showed the highest values of the studied seven metals. More research should be done about the effect of this on wildlife and human as well. 
